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(57) ABSTRACT

A method for improving the crosstalk and time-of-tlight
performance for signals 1n an integrated circuit with respect
to the package-related wiring. I/O pads in the package-
related wiring of a logic design meeting specified crosstalk
and time-of-flight constraints are identified using a software
tool. The tool produces a graphical display in which the
1dentified I/O pads are highlighted. The tool enables a user
to graphically manipulate the display to assign, 1.¢., establish
an electrical connection, between I/O circuits corresponding
to the signals and the highlighted I/O pads.
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METHOD OF ASSIGNING INTEGRATED
CIRCUIT /O SIGNALS IN AN INTEGRATED
CIRCUIT PACKAGE

BACKGROUND OF THE INVENTION

The present 1invention relates to a method for improving
integrated circuit (IC) performance in view of crosstalk and
time-of-flight characteristics associated with package-
related wiring for the IC.

Advances 1 IC design and manufacturing technologies
have resulted in progressively smaller 1C feature sizes,
having commensurately lower operating voltages and
packed more densely. Also, performance of ICs at 1ncreas-
ingly higher frequencies 1s demanded. As such trends
continue, the i1mportance of handling performance-
degrading factors such as crosstalk (coupling noise), and of
reducing signal propagation times, also referred to as time-
of-flight (TOF), becomes greater.

Higher device density on an IC chip, or die, requires
correspondingly denser package-related wiring for carrying
signals on and off the die, while the higher clock rates
associlated with higher frequencies require faster signal
transition and reduced TOF for signals on and off the die.
Thus. the crosstalk and TOF behavior of the package-related
wiring for a die affect overall crosstalk and TOF perfor-
mance.

Package-related wiring on an IC die can be implemented
in a number of different forms, but typically includes at least
I/O circuits coupled to “nets” or signals that are mput or
output to a logic design on the die. The I/O circuits receive
input signals and drive output signals off the die, via
connections to off-die package pads 1n a package containing
the die. The package pads are in turn typically connected, via
a card pad 1n a card including multiple die packages, to other
package pads connected via I/O circuits to other logic
designs.

As signals that may be iput/output to a logic design
approach the several hundreds or more and die interface
speeds scale upward, the crosstalk and TOF characteristics
of the package-related wiring become factors that signifi-
cantly impact performance. Accordingly, a method for
improving chip performance with respect to the crosstalk
and TOF characteristics of the package-related wiring 1s
needed.

SUMMARY OF THE INVENTION

A method according to the present invention provides for
establishing an assignment of signals to package-related
wiring such that the assignment meets desired crosstalk and
TOF constraints.

In an embodiment, I/O circuits corresponding to signals
that are input/output to a die 1n a package are selected for

assignment to package wiring meeting defined crosstalk and
TOF criteria.

In the foregoing embodiment, a software tool according to
the mvention uses a database including crosstalk and TOF
characteristics for the package wiring to 1dentily package
wiring meeting crosstalk and TOF constraints specified by a
user. The software tool produces a graphic display high-
lighting components of the package wiring 1n terms of their
crosstalk and TOF characteristics, and allows a user to
ographically assign the selected 1/0 circuits to wiring meeting
the required constraints. The assignment of the 1/O circuits
constitutes part of a definition of a floorplan for the die
which will result, when the die 1s physically fabricated, in
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2

package-related wiring corresponding to the assignment of
I/O circuits and consequently having the desired crosstalk
and TOF characteristics.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows I/O signals corresponding to two logic
designs, and an interface between the designs;

FIG. 2 shows a schematic representation of electrical
connections for propagating signals between the two logic
designs;

FIGS. 3A-3C show different types of on-die wiring
corresponding to different types of die 1mages;

FIGS. 4A—4C show a process flow for an embodiment of
the method according to the present invention; and

FIG. § shows a computer system for practicing the
method of the invention.

DETAILED DESCRIPTION OF THE
INVENTION

In the method according to the present invention, 1/0
circuits corresponding to signals in a logic design are
assigned to package wiring 1n accordance with crosstalk and
TOF constraints imposed by the design. As an 1llustrative
example, FIG. 1 shows a representation of two logic designs,
a logic design 1 and a logic design 2 having input and output
signals 100. The logic designs have an interface 101 com-
prising a signal j and a signal k. Signal j 1s an output of logic
design 1 and 1s input to logic design 2; signal k 1s an output
of logic design 2 and 1s mput to logic design 1.

Typically, performance parameters of their respective
designs place crosstalk and TOF constraints on signals such
as signals 1 and k. The interface 101, for example, may be a
very high speed interface, requiring low TOF, and signals j
and k may be high priority signals that must be transmitted
with a minimum of probability of corruption due to
crosstalk.

FIG. 2 shows a schematic representation of a system for
physically transmitting signals 1 and k. Typically, dies 200
comprising silicon layers for physically implementing logic
designs such as logic designs 1 and 2 are housed 1n a
package 201 made of a dielectric material such as ceramic
or plastic. Signal j 1s electrically connected to an I/O circuit
202 connected to an I/O pad 203. The 1/0 pad 1s connected
to a package pad 204 associated with the package 201
containing logic design 1. The package pad 204 1s electri-
cally connected to a card pad 205. The card pad 205 is
clectrically connected to a package pad 204 associated with
a package 201 containing logic design 2. The package pad
1s electrically connected to an I/O pad 203 which 1s electri-
cally connected with an 1I/O circuit 202 1n logic design 2.

Similarly, signal k 1s electrically connected to an I/0O
circuit 202 which 1s connected to an I/O pad 203. The I/0O
pad 1s connected to a package pad 204 associated with a
package 201 containing logic design 2. The package pad 1s
clectrically connected to a card pad 205. The card pad 1is
clectrically connected to a package pad 204 associated with
a package 201 containing logic design 1. The package pad
1s electrically connected to an I/O pad 203 which 1s electri-
cally connected with an I/O circuit 202 1n logic design 1.

The I/O circuits. I/O pads, package pads, card pads and
connections therebetween described in the foregoing are
components of the package-related wiring. Crosstalk
between signals such as signals ;1 and k 1n portions of the
package-related wiring. for example, between an I/O circuit
202 and a package pad 204 may be present and must be
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accounted for. Similarly, TOF from an I/O circuit to a
package pad 1s a factor 1n the speed of the mterface between
logic designs 1 and 2.

Typically, the components of the package wiring do not
have uniform electrical characteristics. The electrical char-
acteristics can vary according to the package type, the
location of the wiring pads, and other factors including the
number of wiring planes 1n the package, the total length of
the connection through the package and the percentage of
the total length of connection on each layer of the package.
Depending on their characteristics, some pads yield better
crosstalk and TOF performance than others when connected
to signals. Accordingly, which pads are used for which
signals affects the overall design performance.

According to the present invention, I/O circuits corre-
sponding to signals of a logic design are assigned to I/O pads
in order to satisty crosstalk and TOF constraints such that a
desired design performance 1s met. Typically, this would
entail an evaluation by a designer or design team of the
relative priority of the signals. The highest priority signals
would typically have the most restrictive crosstalk and TOF
constraints, while signals of lesser priority would have less
restrictive constraints. The signals would typically be pro-
cessed according to the 1nvention 1n an order based upon the
evaluation of their relative priorities.

Other design considerations which affect the assignment
of I/O circuits to I/O pads include physical and electrical
constraints of the design and existing floorplan connections.
These factors are also handled by the mmvention as discussed
in greater detail below.

FIGS. 3A-3C show examples of some existing types of
die layouts to which the method of the present invention may
be advantageously applied. FIG. 3A shows a die 1mage
known as a “peripheral wirebond” 1mage in which the 1I/0
circuits 202 are peripheral to a die logic area 300. An
“1mage” refers to a basic template defining the die size, the
locations of basic components such as power buses and
pads, and other basic landmarks of the die. A package
containing a die of this type 1s known as a “wirecbond”
package. The I/O pads 203 are implemented as wirebond
pads. The 1I/O pads are electrically connected via wirebond
connections to package pads 204 (not shown) which may be
located below layers of the body of the package consisting
of dielectric material, routing layers and layers of structural
material which make up the package.

FIG. 3B shows another type of die image known as a
“flipchip” 1image 1n which the 1/O circuits 202 are peripheral
to die logic area 300. A distribution of I/O pads 203 1s shown
throughout the die logic area 300. The I/O pads may be
clectrically connected via connections 301 to I/O circuits
202. Multiple die layers are illustrated in the same plane.
The 1I/0 pads 203 would typically occupy an upper metal
layer of the die.

The die utilizes a “bump pad attach™ package. In a bump
pad attach package, a solder ball may exist on both the
package and the die. With the use of solder balls, when the
die 1s correctly positioned 1n alignment with the package and
the temperature elevated, solder re-tlow occurs and the die
becomes electrically attached to the package. Thus, mn FIG.
3B the I/0O pads 203 are implemented as C4 solder balls. The
[/O pads are electrically connected to package pads 204 (not
shown).

In a peripheral arrangement as shown in FIGS. 3A and 3B.
cach I/O circuit 202 resides in an “I/O slot” electrically
connected to an I/O pad. An I/O slot 1s a fixed area, 1in terms
of 1ts location on the die, in which an I/O circuit may be
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placed. By contrast, FIG. 3C shows a type of die image
known as an “area-array” 1mage 1n which I/O circuits may
be placed or assigned not only peripherally to the die logic
arca 1n fixed slots, but anywhere within snap grids defined
for I/O circuits of the die. Snap grids for I/O circuits are
typically aligned with the major horizontal and vertical
power buses.

In FIG. 3C, multiple die layers are illustrated 1n the same
plane. For example, area 300 with placed logic circuits or
arca 302 with macros, 1.e., pre-defined areas of logic already
placed and routed, would typically reside on a lower layer of
the die. The I/O pads 203 are distributed across the die logic
arca 300 and typically occupy an upper metal layer of the
die. Similarly, I/O circuits 202 may be distributed through-
out the die logic areca. A routed connection 301 1s made
between an 1/O circuit 202 and an I/O pad 203, allowing
flexibility 1n the placement of the I/O circuit 1n the proximity
of the I/O pad. The routed connection 301 1s made between
layers of metallurgy M1 to M6. with the M1 layer connect-
ing to devices of the I/O circuit and to M2, M2 connecting
to M1 and M3, M3 connecting to M2 and M4, and so on.

FIGS. 4A—4C show a processing flow for a method
according to the present invention. In a typical application of
the method, sets of signals are processed 1n order of priority.
I/O circuits corresponding to the highest priority signals are
assigned to those I/O slots or pads and corresponding,
package pads having the best crosstalk and TOF
characteristics, and these assignments are {fixed.
Subsequently, I/O circuits corresponding to lesser priority
signals are assigned to I/O pads and corresponding package

pads, working around the previously fixed assignments.
Ultimately, a design floorplan, 1.e., an assignment of area,
shape and location on a die 1mage to the various design
clements, 1s arrived at having I/O circuits arranged 1n a
distribution, 1n terms of their connections to I/O pads and
package pads. which corresponds to signal priority.

Block 400 of FIG. 4A shows an 1nitial step of providing,
signals to be assigned according to the method of the
invention. Steps of the method include executing software
according to the mvention. Block 401, for example, shows
a subsequent step of executing software for data collection
and manipulation to create records corresponding to the
signals to produce an output data {file 402 suitable for
handling by a graphical tool.

FIG. 4B shows block 401 1in greater detail. In an

embodiment, each signal to be assigned, via an I/O circuit,
to an I/O slot or pad 1s defined as a record 1n a data file. as
shown 1n block 415. As shown 1n block 416, the records may
be grouped according to their respective crosstalk and TOF
constraints. For example, a bus might comprise a group of
signals all having 1dentical crosstalk and TOF constraints.
The records corresponding to this group of signals would
accordingly be tagged with arbitrary i1dentifiers associating
cach of the signals with the same group. For example,
keywords such as “TOF__grp=<group name>" and “XTalk__

orp=<group name>"" could i1dentily a record as belonging to
a group having the same TOF constraints and the same
crosstalk constraints, respectively. Among other things, this
step facilitates the handling of groups of circuits by the
oraphical tool as described 1in more detail below.

Next, as shown 1n block 419, the records are further
processed for subsequent handling by a software graphical
tool according to the mnvention. Inputs to this step include a
file 417 containing technology and image rules, a design
netlist 418, a TOF data file 420 per package type, and a
crosstalk data file 421 per package type.
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The technology rules of file 417 relate to die-specific
information including die size and X-Y locations of each I/O
slot, for peripheral 1images, which 1s suitable for accommo-
dating an I/O circuit 202. X and Y refer to orthogonal axes
used 1n a coordinate system for defining locations on a die.
The technology rules further relate to I/O circuit information
including the number of I/0 slots occupied, power supply
requirements, number of wiring planes used by internal
clectrical connections, current draw requirements, elec-
tromigration limits and physical locations of the logic ter-
minals of the I/O circuit.

The 1image rules define a die size and the package that it
1s positioned on. For example, a 10 mm peripheral die might
be suitable for being positioned on ten different packages.
Each of the combinations of a die and a package would have
a file provided by the 1mage rules describing the die-related
characteristics such as die size, I/O slot X-Y locations and
number of routing layers on the die. Other information in the
file mcludes the 1/O slot types, which 1dentifies I/O slots
reserved for VDD and GND connections, I/O slots reserved
for testing purposes, and I/0 slots available for I/O circuits.
This mnformation 1s used to validate a correct 1/O assign-
ment.

Similarly, technology and 1mage rules for area-array die
and package combinations include information relating to
the die size, I/O pad locations, reserved I/O pads, and
routing layers on the die. Also included 1s a definition of
snap grids, aligned with major horizontal and vertical power
buses, within which I/O circuits may be placed.

Files 420 and 421 supply information on the TOF and
crosstalk characteristics, respectively, of a package based on
such factors as the combination of die size. I/O pad
placement, package size and the arrangement of package
pins on the package.

As noted above, also mput to pre-processing step 419 1s
the logic design netlist 418, including placement location
information for macros, I/O circuits and logic cells. The
placement location imnformation comprises X-Y location and
a mirror/rotate code. Macros are pre-designed portions of
logic, already placed and routed, which can be retrieved
from a library and placed as a unit within a larger logic
design.

Netlists are typically generated by a process known as
“logic synthesis” and further comprise a list of the input and
output signals (“nets”) of a design and detailed synthesized
logic 1n addition to the signals and X-Y locations noted
above. To reduce the volume of data which must be handled
and 1ncrease processing speed, the pre-processing step
extracts only the information 1t requires from the netlist,
which includes the signal names for I/O circuits, the X-Y
location and mirror/rotate code for macros and 1/0 circuits.

The pre-processing step 419 uses the above-described
input files to produce an output data file 402 for processing
by the graphical tool 403. The pre-processing step reads the
TOF and crosstalk data files 420 and 421 and writes data
fields to the records of the output data file 402. The pre-
processing step creates placement records 1n the data file 402
for locations of placed macros and I/O circuits in the netlist
418. These placement records establish an initial graphical
pattern for a display generated by the graphical tool.

The operation of the graphical tool 403 1s shown 1n more
detail in FIG. 4C. As shown 1n block 422, a user may start
and initialize the tool at any time once the data file 402
created by the data collection step 401 1s available. The
ographical tool produces a number of displays on a display
device. The displays may be manipulated by means of user
input devices such as a keyboard or a computer mouse.
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One display includes a list of unassigned I/O circuits and
allows a user to select an unassigned circuit or circuit group
for which to specily crosstalk and TOF constraints, as shown
in block 423. Each of the I/O circuits 1s associated with a
signal name provided by the netlist. The user may specily
constraints via pull-down windows which allow the user to
enter a permissible range of crosstalk and TOF values for the
selected circuit or group of I/O circuits, as shown 1n blocks

424 and 427. For example, “TOF__min” corresponds to a
minimum allowable TOF value, while “TOF _max”™ corre-

sponds to a maximum allowable TOF wvalue. Similarly,
“X-Talk__min” corresponds to a minimum allowable
crosstalk value, while “X-Talk__max” corresponds to a
maximum allowable crosstalk value.

As shown 1n block 425, the graphical tool uses the
information provided by input data file 402 to create a
display representing the geometries of the die, the 1/O circuit
sizes, the location of I/0 slots for peripheral images, and I/0
pad locations for area-array images. In the display, the 1I/0
slots or pads meeting the crosstalk and TOF constraints
specified 1n step 424 are highligchted. The highlighting may
take any of several forms, including color or shadow or both.

As shown 1n block 426, the graphical tool allows a user
to select from multiple graphical operations for assigning an
I/O circuit to an I/O pad. A user may, for example, use a
mouse to perform a “click-drag and drop” operation to
assign an I/O circuit. The user manipulates a mouse to
position a pointer over an I/O circuit, clicks a mouse button
to select the I/O circuit, drags the mouse to re-position the
I/O circuit adjacent a highlighted I/O pad or slot, and
releases the mouse button to “drop” the I/O circuit into
place.

In the case of a peripheral image as in, for example, FIGS.
3A and 3B, the I/O circuit would be dropped 1nto a high-
lighted I/0 slot. In the case of an area-array image as in FIG.
3C, the I/O circuit would be dropped within a range of a
highlighted I/O pad. Thus, in the case of the area-array
image, the X-Y location an I/O circuit is not restricted to a
corresponding I/O slot. Instead, there 1s flexibility in the
placement of the I/O circuit within a range of an I/O pad.

The foregoing operations may also be performed with
ogroups of I/0 circuits being selected, by a click-drag opera-
fion or by being added to a select list, and being simulta-
neously drageed and dropped 1n highlighted I/O slots for the
case of peripheral 1images, or near highlighted 1/O pads for
the case of area-array images. For the area-array image, the
option also exists of requesting the software to randomly
assign the 1I/O circuits, without a manual click-drag-and-
drop operation. This might be done, for example, 1f there
were significantly more I/O pads meeting assignment crite-
ria than there were I/O circuits to assign.

The “dropping” step described above constitutes the
assignment of the I/O circuits to the pads or slots. The
assignment fixes the I/O circuit 1n a particular location 1n the
design floorplan and establishes that when the design 1is
fabricated an electrical connection will be formed between
the I/0O circuit and the I/0 pad and 1ts corresponding package
pad.

Returning now to FIG. 4A, as shown 1n the process flow
following block 403, after an application of the graphical
tool to assign 1I/0 circuits, a phase 1s entered for evaluating
the assignments made for compliance with electrical rules of
the design, and adjusting the assignments accordingly. First,
as shown 1n blocks 404 and 405, a determination may be
made as to whether a user wishes to assign any of remaining
unassigned circuits, and the option 1s provided for
re-assigning circuits already assigned.
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If the user does not wish to continue to assign unassigned
circuits, or re-assign already assigned circuits, a step 406 1s
performed to check whether basic electrical rules associated
with the design are met. These rules are established arbi-
trarily by a user and may include, for example, a rule that no
two circuits can occupy the same location spatially; that
circuits must be placed within certain locations within a grid
defined on the layout, and that circuits, especially high-
powered circuits, can not be too close to each other, so that
clectro-migration effects are avoided. If the electrical rules
are not met for a particular assignment of I/O circuits, the
I/O circuits may be re-assigned and checked again for
compliance with the electrical rules.

The process flow for determining compliance with elec-
trical rules and changing assignments accordingly depends
upon the die image type. This derives from the fact that, as
noted above, 1n the peripheral images 1llustrated in FIGS. 3A
and 3B. an I/O circuit resides 1n an I/O slot 1n a fixed X-Y
location. In other configurations, for example the area-array
I/0 1mage 1illustrated m FIG. 3C, I/O circuits can be posi-
fioned anywhere within a range of a pad or pads, and be
assigned to any of a plurality of nearby pads. Accordingly,
depending upon whether or not the die 1mage type allows
circuits to be moved to a different X-Y location with respect
to a pad or pads, as determined by step 407, different
oraphical operations are performed.

I it 1s determined from block 407 that the I/O circuits can
be re-positioned, the I/O circuits may be moved using the
ographical tool as described above, and assigned to the pads
meeting the desired crosstalk and TOF requirements, as

shown 1n block 408. Blocks 406 and 408 may be iterated a

plurality of times until an assignment of I/O circuits 1s
arrived at which complies with the electrical rules.

If a die 1mage 1s not of a type where the I/O circuits can
reside 1n unfixed X-Y locations, such as a peripheral image,
blocks 406 and 409 may be performed iteratively, to use the
ographical tool to change I/O slot assignments until the
electrical rules are met.

As shown 1 block 410, a user can continue to use the
graphical tool, returning to step 423 of selecting I/O circuits
for assignment and proceeding thenceforward. When the
assignment process 1s completed, a floorplan file 411 1s
produced. As noted above, the floorplan will have I1/0O
circuits arranged 1n a distribution, 1n terms of their connec-
tions to I/O pads and corresponding package pads, which
corresponds to signal priority.

FIG. 5 shows a high-level representation of a computer
system for implementing a preferred embodiment of the
present invention, such as might be realized by a variety of
known and commercially available hardware and software
clements as embodied 1n, for example, a UNIX® worksta-
tion. The system comprises a memory 500 including ROM
and RAM, processor 510 and user interface 511 comprising
a video display 512, keyboard 513 and mouse 514. Elements
may communicate via system bus 506. The system may
further be connected to a network 517 via a network medium
518 and network interface 515.

A computer program or collection of programs compris-
ing computer-executable 1nstructions for performing method
steps according to the present invention may be stored and
transported on computer-usable media such as diskette 501,
CD-ROM 502, magnetic tape 503 and fixed disk 504. To
perform the steps of the method, computer instructions
according to the present invention may be retrieved from the
computer-usable media 501-504 using their respective
drives 505-508 mnto memory 500, and executed by a pro-
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cessor 510. The programming structures and functionality
disclosed hereinabove for performing the method may find
specific implementations 1n a variety of forms, which are
considered to be within the abilities of a programmer of
ordinary skill in the art after having reviewed the specifi-
cation.

The foregoing description of the invention illustrates and
describes the present invention. Additionally, the disclosure
shows and describes only the preferred embodiments of the
mvention, but 1t 1s to be understood that the invention 1s
capable of use 1n various other combinations, modifications,
and environments and 1s capable of changes or modifications
within the scope of the inventive concept as expressed
herein, commensurate with the above teachings, and/or the
skill or knowledge of the relevant art. The embodiments
described hereinabove are further mntended to explain best
modes known of practicing the invention and to enable
others skilled in the art to utilize the invention 1n such, or
other, embodiments and with the various modifications
required by the particular applications or uses of the inven-
tion. Accordingly, the description 1s not intended to limait the
mvention to the form disclosed herein. Also, 1t 1s intended
that the appended claims be construed to include alternative
embodiments.

What 1s claimed 1s:

1. A method comprising;:
selecting I/O circuits of a logic design; and

assigning the I/0 circuits to 1/0 pads of a package of the
logic design 1n accordance with a desired crosstalk and
time-of-flight constraints for signals corresponding to
said I/O circuits associated with the I/O pads.
2. The method of claim 1 wherein the step of assigning
includes the steps of:

prioritizing the I/O circuits according to their time-of-
flight constraints; and

assigning the I/O circuits to I/O pads of the package of the

logic design according to their prioritization.

3. The method of claim 2, wherein said step of assigning
includes graphically manipulating I/O circuits correspond-
ing to said signals to position them adjacent to said I/O pads
meeting said constraints.

4. A method comprising;

highlighting I/O pads 1n a graphical display of a logic

design layout 1n accordance with specified crosstalk
and time-of-tflight constraints; and

assigning I/O circuits to said highlighted I/0 pads, said

I/O circuits carrying signals to and from said logic
design.

5. The method of claim 4, wherein said step of assigning,
includes manipulating said graphical display to position said
I/O circuits adjacent to said highlighted I/O pads.

6. The method of claim 5, wherein a selecting and moving
operation 1s performed with a user interface device to
position said 1I/O circuits.

7. The method of claim 4, wherein said I/O circuits are
arranged peripherally to said logic design.

8. A computer-usable medium storing computer-
executable instructions which when executed implement a
Process comprising:

applying specified crosstalk and time-of-tflight constraints

for signals 1n a logic design to a database including
crosstalk and time-of-flight information for package-
related wiring;

1dentifying I/O pads 1n said package-related wiring meet-

ing said constraints; and

producing a graphical display of said logic design in

which said identified I/O pads are highlighted.
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9. The computer-usable medium of claim 8, said process
further comprising invoking a graphical tool for manipulat-
ing said graphical display, said graphical tool enabling the
positioning of said I/O circuits adjacent to said I/O pads.

10. The computer-usable medium of claim 8, said data-
base further including a netlist corresponding to said design,
and technology and image rules corresponding to said
package-related wiring.

11. A computer system comprising:

a memory containing computer-executable instructions;

a processor coupled to said memory for executing said
mstructions; and

display means coupled to said processor for generating a
ographical display 1n accordance with said instructions;

wherein:
said graphical display includes an image of a logic
design having I/O pads highlighted 1n accordance
with user-specified crosstalk and time-of-flight con-
straints.

12. The computer system of claim 11, further comprising
a user 1nterface for graphically assigning selected I/O cir-
cuits of said image to said highlighted I/O pads.

13. The computer system of claim 11, wherein said user
interface 1ncludes means for mamipulating said graphical
display to position I/O circuits 1n said image adjacent to said
highlighted I/O pads.

14. The computer system of claim 12, further comprising
a design floorplan resulting from a process of graphically
assigning said 1I/0 circuits.

15. A method comprising:

highlighting I/O pads, distributed 1n a die logic area, 1n a
ographical display of a logic design layout in accordance

with specified crosstalk and time-of-flight constraints;
and

assigning 1I/0O circuits to said highlighted 1/O pads, said
I/O circuits signals to and from said logic design layout.
16. A method comprising:

highlighting I/O pads, distributed 1 a die logic area, 1n a
ographical display of a logic design layout 1n accordance
with specified crosstalk and time-of-flight constraints;
and
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assigning I/O circuits to a range of said highlighted 1/0
pads, said 1I/O circuits carrying signals to and from said
logic design layout.

17. An apparatus comprising:

means for highlighting I/O pads, distributed 1n a die logic
area, 1n a graphical display of a logic design layout 1n
accordance with specified crosstalk and time-of-tlight
constraints; and

means for assigning I/O circuits to said highlighted I/0
pads, said 1I/O circuits carrying signals to and from said
logic design layout.

18. An apparatus comprising;:

means for highlighting I/O pads, distributed 1n a die logic
area, 1n a graphical display of a logic design layout 1n
accordance with specified crosstalk and time-of-tlight
constraints; and

means for assigning [/O circuits to a range of said
highlighted 1/0 pads, said I/O circuits carrying signals
to and from said logic design layout.

19. A computer program product comprising;

a computer usable medium having computer readable
program code means embodied in the medium, the
computer readable program means including:
means for highlighting I/O pads, distributed 1n a die

logic area, 1n a graphical display of a logic design

layout 1 accordance with specified crosstalk and
time-of-flight constraints; and

means for assigning I/0O circuits to said highlighted I/0
pads, said I/O circuits carrying signals to and from
said logic design layout.

20. A computer program product comprising;:

a computer usable medium having computer readable
program code means embodied in the medium, the
computer readable program means including:
means for highlighting I/O pads, distributed 1n a die

logic area, 1n a graphical display of a logic design

layout 1 accordance with specified crosstalk and
time-of-tlight constraints; and

means for assigning I/O circuits to arrange of said
highlighted 1I/O pads, said I/O circuits carrying sig-
nals to and from said logic design layout.
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